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Competing Uses for Crop Residues
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Competing Uses for Crop Residues
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http://www.straw
craftsmen.co.uk/I|
mages/rwmaiden

& |°J

http://www.strawartmuseum.org/coiled/19
95 111c.jpg

'”http://ww.cy



Competing Uses for Crop Residues

Heating and cooking
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Competing Uses for Crop Residues

Industrialized biofuel production
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Competing Uses for Crop Residues

Bedding for animals
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Competing Uses for Crop Residues

Animal feed
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Competing Uses for Crop Residues

Soil protection and nourishment
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...simple similarities

© 1971 by Dr. Seuss Enterprises, L.P.
Random House, Inc., New York



“Mister!” he said with a sawdusty sneeze, “l am the Lorax. | speak for the SOIL, for the SOIL has no
tongue. And I’m asking you, sir, at the top of my lungs” — he was very upset as he shouted and puffed —

“What’s that THING you’ve made out my surface cover?”

"Mister!” he said with a sawdusty sneeze,

"I am the Lorax. | spmk for the trees,

I x'pt:;r.k for the trees, for the trees have no tongues.

And I'm asking you, sir, at the top of my lungs”™—
he was very upset as he shouted and puffed—
“What's that THING you've made out of my Truffula tuft?”




"Look, Lorax,” I said. "“There’s no cause for alarm.

I chopped just one tree. I am doing no harm,

I'm being quite useful, This thing is a Thoeed.
AThneed's a Fine-Something-That-All-People-Need!
It’s a shirt. It's a sock. It’s a glove. It's a hat.

But it has other uses. Yes, far beyond that.

You can use it for carpets. For pillows! For sheets!

Or curtains! Or covers for bicycle seats!”

The Lorax said,

"'Sir! You are crazy with greed.
There is no one on carth

who would buy that fool Thneed!”




But the very next minute I proved he was wrong.

For, just at that minute, a chap came along,

and he thought that the Thneed I had knitted was great.
He happily bought it for three ninety-cight.

I Jaughed at the Lorax, “You poor stupid guy!
You never can tell what some people will buy.”




-..and the story continued until all

the trees had been cut down
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An extremely real example...

The continual harvest of crop residues in the semi-arid region of West
Africa has led to a spiral of land degradation, in which nutrients are not
returned to the soil and rainfall is in short supply.

v However, when rain does fall, much of the soil washes away.

g 4 Consequently, soil has little life, because there is little
g organic matter input.
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Water Runoff Response to Residue Harvest
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Data from Erenstein (2002) Soil Tillage Res. 67:115-133
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Soil Erosion Response to Crop Residue Harvest
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Soil Carbon Response to Crop Residue Input

Some widely cited responses from the literature...
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Data from Larson et al. (1972) Agron. J. 64:204-208



Soil Carbon Response to Crop Residue Input
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Soil Nitrogen Response to Crop Residue Input

Total Soil Nitrogen (g kg '1)
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V-blade tillage Data from Black (1973) Soil Sci. Soc. Am. Proc. 37:943-946



Soil Carbon Response to Crop Residue Input

...in reality there are a diversity of responses
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Soil Temperature and Water Responses
to Crop Residue Harvest
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Soil Strength Response to Crop Residue Harvest
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Soil Aggregation Response to Crop Residue Harvest

Wind-Erodible Aggregates (<1 mm, %)

Straw Straw
Soil Years Tillage removed retained Source
Sandy Clay Loam 4 Tilled 50 47 Malhi et al. (2006) Soil
Mollic Cryoboralf No till 40 34 Tillage Res. 90:171-183
Sandy Loam : Tilled 43 43
Typic Cryoboralf No till 33 30 Malhi & Kutcher (2007)
--------------------------------- T T T T T T oo oo —— - - ------------ Soil Tillage Res.
Clay Loam 5 Tilled 27 28 94:353-361
Mollic Cryoboralf No till 17 15
Loam 5 Tilled 39 33
Udic Boroll No till 23 18 Singh & Malhi (2006)
--------------------------------- Bl it Soil Tillage Res.
Loam 5 Tilled 46 42 85:143-153
Mollic Cryoboralf No till 35 28
C Qandv Clav | aam T imed 17 11 Malhi & Lemke (2007)
Sandy Clay Loam 8 Tllle.d 17 11 s(;n T”?;geeR(eS. )
__ Mollic Cryoboralf  ~~ ~ | Notll 21 13 96:269-283
Clay Loam o éi_n_g_h_e_t _al_._(1_ 9_9_4_) Soil
Udic Boroll Tilled 73 52 Tillage Res. 32:117-133
Mean 36 30 P<0.01




Water Infiltration Response to Crop Residue Harvest
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Soil Biological Response to Crop Residue Harvest

Residue Residue

Location Response Soil removed retained Source
_ Earthworms - --- _S_I|:[)_/_C_|£:1}/ _________ 1_2_ ___________ 2__0_ _____ Nuutinen (1992? Soil
Finland (no. m?) Silty clay loam 1.7 1.7 Tillage Res. 23:221-
-m7) 239
_______________________________ Sandyloam 07 08
New Fraser & F_’iercy .
? 243 323 1998) Applied Soil
__gedland Eool, 9369.973
Silt loam 53 78 Karlen et al. (1994)
Wisconsin i i Soil Tillage Res.
M('rc:;ﬁ;l)c Silt loam 330 696 31:149-167
e e e T T T T T Debosz et al. (1999)
Denmark Loamy sand 151 184 Applied Soil Ecol.
il 13:209-218_
Limon-Ortega et al.
Mexico Sandy clay 324 364 (2002) Soil Tillage
Res. 63:123-132
i Cookson et al.
Zel\;elgm g (Erl;ng% ) Silt loam 3.0 4.0 (1998) Applied Soil

Ecol. 7:179-188




Soil Biological Response to Crop Residue Harvest
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No tillage Data from Blanco-Canqui et al. (2007) Soil Tillage Res. 92:144-155



Summary of Soil Responses to Crop Residue Harvest




Management Alternatives
to Promote Soil and Water Quality
if Harvesting Crop Residues

v Sod-based crop rotations

Soil Organic Carbon (g kg™)
0 10 20 30 40 50 60

-10 ]
Soil
Depth o
(cm) Management Systems at Watkinsville GA
-20 e 15-yr tall fescue pasture -

== 16-yr conservation tillage
=@= 4-yr conventional tillage

-30




Management Alternatives
to Promote Soil and Water Quality
if Harvesting Crop Residues

v Animal manure collection and distribution onto soil

Percentage of Cin manure that is retained as soil organic C

Temperate or frigid regions (23 + 15%)

Thermic regions (7 + 5%)

Moist regions (8 + 4%)

Dry regions (11 + 14%)

Data compiled from literature in Franzluebbers and Doraiswamy (2007) Chapter 18: Climate
and Land Degradation, p:343-358



Management Alternatives
to Promote Soil and Water Quality
if Harvesting Crop Residues

v Utilization of biofuel and 400 90
industrial by-products as
soil amendment Soil 350} 185
Microbial Water
Biomass )
Carbon °%° c: SZ Stab'i_
(mg- kg1) Stover ggreo/ga ‘on
250 F 175 (%)
% Composition
Corn Ethanol
200 L L L 70
Property Stover By-Product 0 2 4 6 8
Lignin 20 62 ]
Fermentation
Cellulose 36 13
S - B By-Product
e“(':'ceb wose p 20 Addition
aroon . -1 =
kg soil
C-to-N ratio 67 24 (g 9 )

Data from Johnson et al. (2004) Soil Sci. Soc. Am. J. 68:139-147



Management Alternatives
to Promote Soil and Water Quality
if Harvesting Crop Residues

Regionally adapted

conservation Total Organic Carbon (g kg™

agriculture systems, 0 10 20 30 40 50
including integration 0 - - - -y
LSD
of crops and Y
livestock L
Soil -10 !
Depth @-@® Conventional tillage - grazed
(cm) 20 - (GO Conventional tillage - ungrazed
B No tillage - grazed
(343 No tillage - ungrazed




Management Alternatives
to Promote Soil and Water Quality
if Harvesting Crop Residues

v Geospatially distributed perennial and annual cropping




Conclusions

v There is an extremely urgent need to carefully assess the
potential impacts of crop residue harvest for biofuels on soil,
water, and air quality.

v A diversity of environmental re '
depending upon the climatic a
for large-scale harvest of crop

v" If crop residues must be harve:
for biofuel production, then
innovative management practic
need to be implemented to mai
and improve soil quality for
sustained agricultural producti
the future.



